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(54) EVALUATION OF EPITAXIAL GROWTH LAYER 

(11) 2-152250 (A) (43) 12.6.1990 (19) JP 

(21) Appl. No. 63-306392 (22) 2.12.1988 

(71) NEC CORP (72) YASUHIDE KOMATSU 

(51) Int. CI 8 . H01L21/66 f G01N21/35 

PURPOSE: To evaluate ah epitaxial growth layer by a method wherein a measuring- 
apparatus including a Fourier-transform type infrared spectrophotometer (FE-IR) 
is used and the thickness of the epitaxial growth layer is measured from the number 
of waves between a center burst and a side burst and a pattern shift amount is mea- 
sured on the basis of a side-burst intensity as reflected waves from a buried layer. 

CONSTITUTION: An infrared beam 12 with which a specimen is irradiated is reflected 
by the surface of a specimen wafer and by a buried diffusion layer and is received 
by a detector 5 inside an FT-IR 1. The FT-IR 1 is constituted in such a way that 
signals from a Michelson interferometer 3 and the detector 5 are computed and 
processed inside a control and computation processing part 6 and that an interferogram 
7 is output. In an output waveform of the interferogram output '7, a reflection peak 
of the infrared beam from the surface of the specimen wafer is expressed as a center 
burst 19 and a reflection peak from the buried diffusion layer 16 is expressed in a 
position of a side burst 20; an optical-path difference 21 between the center burst 
19 and the side burst 20 corresponds to a thickness of an epitaxial growth layer. 
When a side-burst intensity 22 is measured, a position of the diffusion layer 16 can 
be measured in a noncontact manner. 
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2: tight source. 4: condenser, 8: surface difference-in-level 
meter, 9.10: mirror, 11: laser beam. 13: difference in level, 
14: semiconductor substrate, 15: epitaxial growth layer, 
17: shift stage. 18: fixed stand 
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(54) MANUFACTURING SYSTEM OF VERTICAl^TYP^EMICONDUCTOR 
(11) 2-152251 (A) (43) 12.6.1990 (19) JP — 

(21) Appl. No. 63-305162 (22) 3.12.1988 

(71) FURENDOTETSUKU KENKYUSHO K.K. (72) MIKIO TAKAGI 
(51) Int. CI 5 . H01L21/68 > H01L21/205,H01L21/302,H01L21/31 

PURPOSE: To reduce a floor area and to easily install more systems by a method 
wherein a process chamber is installed in each stage position of a space 
positioned in an up-and-down direction and loading and unloading mechanisms 
of a wafer are installed on the front side of a plurality of process chambers 
arranged vertically. . 

j CONSTITUTION: A plurality of cassettes are installed in a cassette-housing cham- 
I ber, provided with a load-lock mechanism, which is situated at a lowest stage 
\ of a cassette elevator 11; a cassette conveyance mechanism part is evacuated. 
Individual process chambers are evacuated in advance to a prescribed pressure 
by using individual pumps 3. When an evacuation operation of the cassette 
conveyance mechanism part is completed, one cassette .is taken out from a 
cassette- housing box, conveyed, e.g., to a position in an uppermost stage by 
using the cassette elevator mechanism 11 and locked in this position. A wafer 
transfer robot 14 in each stage position takes out a wafer one by one from 
the cassette which has been locked in the position; the wafer 10 is set on a 
lower-part electrode 6 inside the process chamber; when a prescribed process 
is completed, the wafer is taken out and is housed in the cassette-housing cham- 
ber^. — — 
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1: support (pole), 2: process chamber, 4: duct, 
electrode, — 7: -matching box,~ 8: -oscillation 
9: gas system, 12: gate. A: supply of gas, 
of vacuum load- lock- mechanism - 



5: upper-part j 
power . supply, J 
B: evacuation^ ^) 



(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(11) 2-152252 (A) (43) 12.6.1990 (19) JP 

(21) Appl. No. 63-306385 (22) 2.12.1988 

(71) NEC CORP (72) TAKAAKI KUWATA 

(51) Int. CI 5 . H01L21/76 

PURPOSE: To fill boron phospho-silicate glass (BPSG) flatly a method wherein 
a heat treatment is executed in an oxidizing atmosphere, a second oxide film 
is formed on a semiconductor substrate and on a side-wall part of a groove, 
a boron phospho-silicate (BPSG) layer is made to reflow and the groove is 
filled. 

CONSTITUTION: A semiconductor substrate 1 is coated with a silica film 
containing boron and phosphorus; the silica film is filled into grooves 3. Then, 
a heat treatment is executed, the silica film is transformed into BPSG. During 
this process, channel stopper regions 6 are formed by the heat treatment. The 
BPSG 5 and a first oxide film 2 in a flat part on the semiconductor substrate 
are etched and removed by using buffered hydrofluoric acid. During this process, 
when a concentration of boron to be contained in the silica film is set to be 
high, an etching rate by the buffered hydrofluoric acid can be set to be smaller 
than that for the first oxide film. When a heat treatment is executed in an 
oxidizing atmosphere, a thermal oxide film is formed on the surface of the 
semiconductor substrate and on side-wall parts of the grooves; at the same 
time, when the BPSG is made to reflow into the grooves, the grooves can be 
filled with the BPSG without leaving no space. 
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1. Title of the Invention : VERTICAL SEMICONDUCTOR 

MANUFACTURING SYSTEM 

2 . Claim 

A vertical semiconductor manufacturing system wherein the 
process chambers (2) are configured at the respective stepwise 
positions of a space which is partitioned along the vertical 
direction and wherein wafer load & unload mechanisms are 
configured on the front side of said multiple process chambers 
(2) configured vertically. 

3 . Detailed explanation of the invention 
(Industrial application fields of the invention) 

The present invention concerns the manufacturing of a 
vertical semiconductor device. More specifically, it concerns a 
vertical semiconductor manufacturing system wherein various film 
formation and etching treatments essential for the production, 
etc. of a vertical semiconductor manufacturing system can be 
simultaneously performed. 
(Prior art of the invention) 

It is necessary to form various films when semiconductor 
devices are manufactured, and a silicon oxide film, silicon 
nitride film, polysilicon, etc. may, for example, be grown in the 

lumbers in the margin indicate pagination in the foreign 

text 



vapor phase. A plasma, furthermore, may be used for lowering the 
growth temperature. In each case, the growth temperatures vary, 
and the types of gases used are also difficult. A special 
reaction device is therefore necessary, and wafers to be treated 
must be transported to the respective special devices while being 
stored in cassettes, and pollution preventive measures must be 
taken during the concomitant wafer management. 

In the epitaxial growth format, which is a classic example 
of vapor-phase growth formats, a carbon susceptor is configured 
within a vertical reaction tube, and gaseous silicon is fed into 
it from above. This device is based on the leafy format, and a 
device equipped with a susceptor on which multiple wafers can be 
set along its circumference has been developed for improving the 
treatment efficiency. 

Hot wall -type CVD devices have become mainstream apparatuses 
for growing various films, led by silicon oxide films, in the 
vapor phase today, and an attempt is being made to increase the 
number of 

wafers that can be simultaneously treated by configuring said /2 
wafers in upright fashions within a horizontal reaction device. 

The only conceivable way to further increase the number of 
simultaneously treatable wafers in the aforementioned vertical 
furnace and horizontal furnace is to configure multiple devices, 
and as far as the vertical furnaces are concerned, a system 
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wherein a wafer cassette is fed into multiple furnaces configured 
vertically has been proposed. 

As far as the horizontal furnaces are concerned, on the 
other hand, attempts have long been made to increase the number 
of simultaneously treatable wafers by configuring multiple 
diffusion furnace core tubes horizontally and by feeding wafer 
cassettes into the respective units. 

Incidentally, not only have the sizes of semiconductor 
devices been increasingly reduced, but their structures have also 
become complex, and cases where it is impossible to maintain the 
homogeneities of interwafer distributions and intrawafer 
distributions due to subtle differences of reaction gas flows, 
temperature distributions, etc. are no longer uncommon. In other 
words, the partial pressures of feed reaction gases (based on 
combinations of two or more types) differ between the reaction 
gas inlet and outlet sides of the aforementioned hot wall -type 
CVD device. It is difficult, therefore, to render homogeneous 
adjustments within each batch. During the formation of silicon 
oxynitride, in particular, three reaction gas components, namely 
monosilane, ammonia, and nitrogen monoxide, are involved, which 
further complicates adjustments. 

A leafy format device which is capable of processing 
multiple wafers which are being placed in a precisely controlled 
atmosphere in high reproducibility has therefore become 
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necessary. The leafy format device can easily accomodate an 
effort to enlarge the wafer diameter, and another advantage lies 
its flexible adaptabilities to various manufacturing devices as a 
singular unit. The number of simultaneously treatable wafers, 
however, is limited. In order to alleviate this problem, a 
mult i -chamber format wherein multiple chambers are configured 
within a single device for performing identical treatments 
simultaneously was proposed, and this format is beginning to 
entrench itself among sputter devices and plasma CVD devices. 

Recent reports, furthermore, note the advent of a multi- 
process device which is capable of serving a function of 

different types of processes within multiple chambers instead of 
f 

duplicating the same process in the respective chambers. As 

Figure 3 ndft^s, for example, it is noted that, in a case where 

. 




four process chambers are prepared an d where a plasma etch, 

r — • 

vacuum CVD, plasma etch, [and] a sputter etch operation are 
thereby carried out, processes for forming interlayer insulating 
films for multi- layer wires can be automatically implemented by 
using a single device in homogeneous and flat fashions. 



(Problems to be solved by the invention) 

The aforementioned multi -process device is characterized by 
a structure wherein a [cross- sect ionally] polygonal or circular 
vacuum chamber is configured at the middle and wherein multiple 
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mutually independent process chambers belonging to the exhaust 
system are configured around it. In such a case, the number of 
configurable chambers is 1 imi ted ,^an d^ expansion is impossible 
beyond this^Limii^ In a case where an attempt is made to 
"configure additional chambers, furthermore, it becomes necessary 
to install an identical device system in parallel, and since the 
entire apparatus must be configured on a plane, the occupant 
floor area increases, which is problematic. 

Only one robot, furthermore, is assigned for inserting 
wafers into multiple chambers or for withdrawing them therefrom, 
and therefore, it is impossible to set or withdraw wafers 
simultaneously . 

(Mechanism for solving the problems) 

In order to solve the aforementioned problems, the present 
invention provides a vertical semiconductor manufacturing system 
wherein the process chambers (2) are configured at the respective 
stepwise positions of a space which is partitioned in upward and 
downward directions and wherein wafer load & unload mechanisms 
are configured on the front side of said multiple process 
chambers (2) configured vertically. 

(Functions of the invention) 

In recognition of the impossibility of configuring 
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additional chambers beyond a certain limit due to the planewise 
conf igurational constitution of the mult i -process device of the 
prior art and of the inability to perform wafer load and unload 
operations vis-a-vis the respective chambers in parallel, the 
present inventors compiled exhaustive research on the development 

of a device which is capable of improving the throughput in the 

— ^ — 1 

leafy format despite a limi ted floor space and w hich permits an 
N _ ^ _ — — ' "~" 

extremely simple chamber expansion, as a result of which the 
concept of a vertical system wherein t he respective chambers are 
piled along the vertical direction has been perfected for the 



purpose of effectively utilizing an expensive clean room space. 
In other words, pair1Tof~l>rocess chambers and exhaust pumps are 



piled and fixed along the vertical direction in a desifaBTe ~'- 
application example of the present invention, based on which 
additional chambers can be configured with ease. The respective 
chambers are characterized by interior structures which are 
suitable for plasma 

CVD, sputtering, plasma self -cleaning thermal CVD, and dry /3 
etching operations (e.g., parallel flat sheet electrode (gas 
feeding) structure) . In order to achieve interior pressures 
suitable for the respective treatments, said exhaust pumps are 
activated. A load & unload mechanism which enables the entry and 
exit of a wafer cassette is configured on the front side of the 
process chamber opposite the vacuum pump side, and as said 
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mechanism, a common cassette elevator which is stretched across 
the respective chambers is configured on the frontal plane side 
of the process chamber. A cassette storage chamber, furthermore, 
is configured at another position of the frontal plane side of 
the process chamber located at each of the aforementioned steps. 

The cassette elevator is linked to each process chamber, and 
it transports a cassette to an arbitrary step position while 
elevator actions are being invoked along the vertical direction. 

A wafer load & unload mechanism which enables the entry and 
exit of wafers vis-a-vis the respective chambers is configured at 
a position in front of each process chamber. In other words, a 
wafer transportation mechanism (robot) which withdraws one wafer 
at a time from the transported wafer cassette and feeds it into 
the process chamber and which transfers a treated wafer into 
[another] cassette located in the cassette storage chamber upon 
the completion of a certain process is configured. This 
transportation mechanism may be based on a format in which a 
wafer is transported along the horizontal direction while being 
mounted at the front end of a flat panel bar, or an elastically 
expandable robot may be used instead. In an especially desirable 
format, a wafer mount platform is configured at a position in 
front of each process chamber while said platform is being 
preheated by a heater internalized in it, and subsequently, the 
wafer is transferred to the chamber based on the aforementioned 
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load & unload mechanism for the purpose of abbreviating the 
heating time in said chamber. 

The cassette storage chamber, which is configured at another 
position in front of the process chamber, stores treated wafers, 
and each cassette is retrieved from this position. 

The cassette storage chambers may be independently 
configured at each step, although a mechanism which enables an 
accumulation at the uppermost or lowermost step is more 
desirable . 

The cassette elevator, wafer transportation mechanism 
(robot) , and the cassette storage chamber are configured in such 
a way that their frontal outer wall planes share a common plane, 
and it is desirable for an operation to insert or retrieve a 
cassette while facing this wall. This format is commonly 
referred to as the " through- the-wall" format. 

A high-frequency oscillation power source is necessary for a 
plasma treatment, and a reaction gas system is also necessary for 
the treatment. It is desirable that these members be configured 
in opposition to one another vis-a-vis the aforementioned pillar 
while being balanced against to said pillar. The aforementioned 
chamber, exhaust pump, oscillation power source, and gas system 
are all located on the frontal wall side, which facilitates 
repair operations and expansion operations. In some cases, 
furthermore, a conduit may also be configured on the chamber side 
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wall for integrating mechanical facilities, based on which a so- 
called "conduit-type IC" is provided. Similarly, a compact 
oscillation power source which has been integrated with a 
matching box may be configured in the upper space of the process 
chamber. The exhaustion efficiency, furthermore, may be improved 
by linking a pillar with a hollow interior with the exhaust pipes 
at the respective positions in such a way that the pillar itself 
will function as an exhaust pipe during a parallel exhaust 
operation. 

The practical height of a clean room ranges from 3 to 3.5 m, 
and therefore, 6 or 7 chambers can be clustered in accordance 
with an apt design. 

(Application examples) 

A vertical semiconductor manufacturing system which serves 
as an application example of the present invention will be 
explained with reference to Figures 1 and 2 . 

Figure 1 is a diagram which shows a cross -sectional view of 
the constitution of the vertical system of the application 
example of the present invention, where (1) is a pole which 
serves as the pillar of the entire device. The respective 
process chambers (2) and pumps (3) are balanced against and 
mechanically fixed to this pole (1) . A pump of an ordinary 
format suffices as the pump (3), and its exhaust side is extended 
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to the outer atmosphere via the duct J4) (Figure 2) . ^ 

y^S^TKfee^pairs of said process chambers (2) and pumps (3) are 
shown in the example of Figure 1, but their numbers can be > 
adventitiously selected in consideration of the number of^^ 
required processes. The process chamber (2), furthermore, may be 
l^^fall^^S^T^^mber used exclusively for any one of 
sputtering, plasma CVD, thermal CVD, and dry etching operations, 
but from the multi -process standpoint, an internal structure 
which enables continuous treatments of different processes (e.g., 
various CVD and etch-back processes as flattening processes) may 
also be configured. In the 

example shown in the figure, a chamber which possesses the upper /4 
electrode (5) , which is capable of spraying and showering a 
reaction gas, and the lower electrode (6) , in which a heater 
which is capable of heating the wafer at a certain temperature is 
being internalized, is installed within each process chamber. 

The matching box (7) is configured in the upper portion of 
the process chamber (2) , and this matching box (7) serves an 
impedance matching function in a case where a high frequency 

(generally 13.75 MHz) which has been generated from the 
oscillation power source (8) is impressed on the upper electrode 

(5) . As has been mentioned above, the reaction gas is fed into 
the process chamber via the interior of the upper electrode (5) , 
but the gas feeding format is not limited to it, and the gas may 
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instead be introduced from the left fringe of the matching box 
(7) . 

In any event, pipes are necessary for feeding the reaction 
gas, and such pipes (9) are attached collectively to the pillar. 
As Figure 2 indicates, they are mechanically fixed while being 
balanced against the opposite side of the oscillation power 
source (8) . The pair of the oscillation power source (8) and the 
gas system (9) are omitted from the illustration of Figure 1 for 
the sake of simplicity. 

Next, the transportation mechanism (11) for the 
semiconductor wafer (10) , which is to be treated, will be 
explained. As the upper plane view of Figure 2 clearly suggests, 
a cassette elevator chamber is configured on the front side of 
the process chamber (2) while being stretched along the vertical 
direction for transporting a waf er cassette to the position^of 
each chamber. 

Also configured on the front side of each process chamber 
(2) is the wafer transportation mechanism (robot) (14) , which 
withdraws one wafer at a time from the transported cassette, sets 
it (i.e., wafer (10)) within the process chamber past the gate 
(12) , retrieves the wafer from the process chamber upon the 
completion of a given treatment, and stores said wafer in the 
cassette storage chamber (13) , which is configured at the 
position of each step. 

12 



It goes without saying that the gate (12) is configured 
between the transportation mechanism side and the process chamber 
(2) for hermetically separating them. The gate, furthermore, is 
opened during the entry or exit of the wafer for allowing the 
passage of said wafer. 

In the example shown in Figures 1 and 2, therefore, the 
cassette elevator mechanism (11) constitutes a vertical pillar 
while being stretched across vertically configured process 
chambers, and a partition which surrounds the wafer 
transportation mechanism (robot) and cassette storage chamber is 
embodied along the horizontal direction at the position of each 
process chamber, based on which the space requirement is 
minimized, and the time required for gas exhaustion is conserved. 

Although it is not shown in the figures, a cassette load 
lock mechanism is attached to the lowermost step of the cassette 
elevator mechanism (11) . Multiple cassettes are introduced by 
using this load lock mechanism, and the treated cassettes are 
retrieved from the respective cassette storage chambers. 

Next, the utilization method for the device of the present 
application example will be explained. 

Multiple cassettes are placed within the cassette storage 
chamber (equipped with a load lock mechanism) located at the 
lowermost step of the cassette elevator (11) , and the wafer 
transportation mechanism unit is exhausted at the position 
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indicated as "Exhaust" at the lowermost step of Figure 1. Each 
process chamber is preliminarily exhausted by the corresponding 
pump (3) at a certain pressure. After the exhaustion of the 
wafer transportation mechanism unit has been completed, one 
cassette is retrieved from the cassette storage box, and after it 
has been transported to the uppermost position, for example, by 
the cassette elevator mechanism (11) , it is locked at this 
position. Next, the transportation mechanism is dropped to the 
lowermost position, and after the next cassette has been 
retrieved from the cassette storage box, it is transported to an 
intermediate step position by the transportation mechanism and 
then locked at this position. The transportation mechanism is 
dropped once again to the lowermost step, and after still another 
cassette has been retrieved from the cassette storage box, it is 
transported to the position of the lowermost process chamber step 
by the transportation mechanism and then locked at this position. 

The wafer transportation mechanism (14) located at each step 
position retrieves one wafer at a time from the cassette locked 
at said position, sets the semiconductor wafer (10) above the 
lower electrode (6) within the process chamber according to the 
aforementioned procedures, and retrieves said wafer and then 
stores it within the cassette storage chamber (13) upon the 
completion of a certain process. This operation is repeated over 
cycles corresponding to the number of wafers, as a result of 
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which the 

treatment in the process chamber is completed. /5 

The wafers in the respective cassettes undergo identical or 
different processes in the aforementioned application example, 
and it is also possible to utilize a cassette elevator for 
enabling the sequential executions of different processes. 

A structure wherein the respective chambers are fixed to a 
configured pole has been explained in the aforementioned 
application example, but it is also possible to configure 
[shelves] along the vertical direction and to configured 
chambers, etc. on the respective [shelves] . The respective 
chambers, furthermore, have been independently exhausted for 
enabling different treatments, but only one pump suffices in a 
case where the treatments in all chambers are carried out under 
identical conditions . 

(Effects of the invention) 

As has been mentioned above, multi -process chambers are 
constituted as a vertical system in the present invention, based 
on which the floor area can be minimized. In this vertical 
system, furthermore, the process chambers are attached to poles 
or [shelves], and therefore, expansions are easy. Even while a 
given chamber is being repaired, furthermore, the processes of 
the other chambers can be implemented, and another advantage lies 
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in the simplicity of the overall repair. 

It goes without saying, furthermore, that the adhesion of 
dust to the wafer surface can be avoided so long as the cassette 
is being transported within the transportation mechanism, and as 
far as the so-called "through- the -wall " format is concerned, 
furthermore, the dust adhesion is not a grave problem in a case 
where a cassette is retrieved from the cassette storage chamber 
(13) and then set in a cassette storage box prior to the 
execution of the next process. 

4. Brief explanation of the figures 

Figure 1 is a diagram which shows a cross-sectional view of 
the constitution of the vertical system of an application example 
of the present invention. Figure 2 is a diagram which shows an 
upper plane view of the system shown in Figure 1. Figure 3 is a 
diagram which shows an upper plane view of a multi -process system 
proposed in the prior art. 

In the figures, the notations denote the following: (1) : 
Pole which serves as the pillar of the entire device; (2) : 
Process chamber (2) [sic]; (3): Pump (3) [sic]; (5): Upper 
electrode; (6) : Lower electrode; (7) : Matching box; (8) : 
Oscillation power source; (9) : Gas system; (10) : Semiconductor 
wafer; (11) : Cassette elevator; (12) : Gate; (13) : Cassette 
storage chamber; (14) : Wafer transportation robot. 
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Figure 1 

Keys: (0) : A diagram which shows a cross-sectional view of the 
constitution of the vertical system of an application example of 
the present invention; (A) : Gas feeding; (B) : Exhaustion of the 
vacuum load lock mechanism; (1) : Pillar (pole) ; (2) : Process 
chamber; (3) : Pump; (5) : Upper electrode; (6) : Lower electrode; 
(7) : Matching box; (10) : Semiconductor wafer; (12) : Gate; (14) : 
Wafer transportation robot 

Figure 2 

Keys: (0) : A diagram which shows an upper plane view of the 
system of [said] application example; (1) : Pillar; (2) : Process 
chamber; (3) : Pump; (4) : Duct; (8) : Oscillation power source; 
(11) : Cassette elevator; (13) : Cassette storage chamber; (14) : 
Wafer transportation mechanism 

Figure 3 

Keys: (0) : A diagram which shows an upper plane view of a system 
of the prior art; (A) : Process chamber; (B) : Expansion chamber; 
(C) : Storage elevator; (D) : Process chamber; (E) : Expansion 
chamber; (F) : Load lock chamber; (G) : Cassette 
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